Breast milk has been found to contain high levels of biopterin compounds, whose physiological roles have attracted attention through newly discovered functions, particularly. as a cofactor for biosynthesis of nitric oxide. the biopterin level in serum and the volume of urinary excreted biopterin in neonatals.
Introduction
Breast milk has been reported to contain high levels of biopterins in comparison with formula milk (1) (2) (3) . There are three forms of biopterin . The active form is 6R-L-erythro-S,6,7,8-tetrahydrobiopterin (6R-BH4), which is a known coenzyme for phenylalanine, throsine and tryptophan hydroxylases (4) (5) (6) . In addition, further functions of 6R-BH4 have recently been discovered, that is Pteridines/Vol. 6 / No. 4 as a cofactor for the biosynthesis of nitric oxide (7, 8) , and as a direct stimulator for the release of dopamine and serotonin (9) . However, 6R-BH4 is so unstable that total biopterin, including the inactive forms , dihydrobiopterin and biopterin, was measured in previous studies (2, 3) . The high level of biopterins in breast milk, therefore, attracted attention due to their significant effects.
In this study, our purpose was to determine whether the ingested biopterins in breast milk can be absorbed by infants during the neonatal period.
We examined the following:
1) The concentration of total biopterin in postpartum breast milk each day, 2) The daily biopterin ingested by infants after birth, 3) The serum concentration of total biopterin in 4 day old babies. 4) The relationship between biopterin ingestion on 3rd day and their serum concentration on the 4th day after birth. 5) The biopterin concention in urine after birth, and 6) The relationship between urinary biopterin levels and the volume of breast milk ingested by babies.
Materials and methods

Milk samples
A total of 131 brest milk samples were collected from 18 women, whose babies ranged from 1 to 13 days postpartum. Each woman had samples taken 4 to 12 times during the duration of the study. The ingested amount of milk by each infant was measured by the difference between body weight before and after feeding. Additional milk samples were collected from a further 10 women, whose babies were from 14 days to 10 months old. Four formula milk samples were also collected.
Serum samples
Eighteen serum samples were obtained from the 4 day old babies in our study. All babies were full term, healthy and breast fed infants.
Urine samples
One hundred and twenty eight urinary samples were taken over a period of 4 to 8 days from another group of 22 babies, who raqnged from birth to 16 days postpartum.
These babies were also full term, healthy infants . All samples were stored at -20°C until analyzed.
Assay methods and apparatus
The total biopterin in the milk, serum and urine was analyzed according to the method of Fukushima and Nixon (10) with a slight modification. Zero point five ml of milk (0.2 ml, serum in parentheses) was deprotainized and oxidized by 2 ml (0.28 ml) of 0.9% 12 and 1.8% KI in 2N HCl with 2 ml (0 .06 ml) of 30% TCA. After standing for 1 hour in the dark at room temperature, the mixture was centrifuged and the excess iodine was reduced by ascorbic acid powder. The solution was then neutralized with 0 .9 ml (0. 15 ml) 5 N NaOH and analyzed by HPLC. For the urine analysis. 0 .5 ml of urine was oxidized by 0.5 ml of 0.9% 12 and 1.8% KI in 0.2 N of TCA. The sample was then neutralized by 0.175 ml of 1 NNaOH.
HPLC was carried out with TRIROTAR-III (Japan Spectroscopic CO ., Limited, Tokyo, Japan) with a fluorometer (FP-llO; JAS CO).
One hundred J..lI of the treated sample was injected into a 250 X 4 mm reverse phase CIS column (Hiber column; Cica-Merck, Darmstadt, Germany) through a 25 mm gurad column packed with the same material (LiChroCART; Merck) at 40°C. The elution solvent was a potassium phosphate buffer (15 mmol/l, pH6.0), and the flow rate was 1.0 mljmin. Oxidized biopterin was monitored by the fluorescence of the effiuent (370 . nm exitation, 450 nm emission) ( 11 ) . Biopterin analysis was carried out twice for milk and urine samples and one for serum smaples.
The urinary biopterin concentdration was expressed as J..lmol/mol. of creatinine . Creatinine was measured by a clinical assay kit. Autocela CRE® (Dai-ichi Kagaku CO. Ltd. , Tokyo, Japan) using the Jaffe reaction.
Six-BIOPTERIN was purdchased from the Sigma Chemical Company Limited (St. Louis, USA) and 6R-BH4 was kindly supplied by Suntory and Company Limited (Tokyo, Japan).
Results
1)
The concentrations of the total biopterin in breast milk after parturition (Figure lA and IB) were 152± 107 nmol/l (mean±SD) (n = 12) on the 1st day. 491±380 (n= 17) on the 3rd day. 801 ±445 (n = 18) on the 5 th day. and 954± 507 (n = 8) on the 7thd day. The concentration showed a peak on the 7-11 th day. After the peak, the level decreased slowly to a constant value of 476± 308 (n = 10) more than 1 month after parturition. The concentration in the 4 formula milk samples was 73±75 (0.40 , 55 and 198 nmol/l respectively).
2) The biopterin ingested by infants ( Figure 2 ) was calculated by the biopterin concentation and the ingested amount of breast milk. The biopterin ingestion increased to 441±298 nmol/day on the 7 day (n = 9) and 575±260 on the 9 day (n = 3) due to the increase in the amount of daily feeding and the increase of the concentrations contained in breast milk. The increase of the conPteridines / Vol. 6 / No. 4 
Period after parturition
Figure lA. A total of 131 breast milk samples were collected from 18 women, whose babies ranged from 1st to 13th days postpartum. Milk samples were taken 4 to 13 times during the duration of this study. An additional 10 samples were taken from a further 10 women, whose infants were from 14 day to 10 month old. The total biopterin concentrations were assayed as described in the text. Each case was traced by a solid line.
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( n mol/l) The biopterin ingsstion on the 3rd day after birth (n-18) 300 (n mol/day) Figure 3 . Total biopterin ingestion was calculated by the biopterin concentration and the ingested volume of breast milk on the 3rd day. Eighteen serum samples were collected on the 4th day. Analysis of the total biopterin in milk and serum was carried out as described in the text. 
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(day) Period after birth Figure 4 . One hundred and twenty eight urinary samples were collected from 22 full term, healthy babies, whose age ranged from 0 to 16 days postpartum. Analysis of urinary total biopterin was carried out as described in the test. The biopterin concentration in urine showed no significant tendency.
timated to be 350-400 nmol/day. (The biopterin concentration: 476 nmol/l X average feeding volume of the breast fed infant:750 ml/day (12».
3) The serum concentration of total biopterin (Figure 3 ) in the infants remained at a rather constant level; 11.1±2.9 nmoljl excluding 2 extremely bight results (47.4 and 43.0 nmoljl) .
4) There was no correlation between the biopterin ingestion and the serum concentration in infants as shown in Figure 3 .
5) The biopterin concentration ill urine after birth (Figure 4) . Averaged 1.574±5.07 Jlmoljrnol Cr (n=4) on Figure 5 . The ingested amount of breast milk was measured by the difference between body weight before and after feeding during the day prior to the collection of urine samples. The urinary biopterin levels had no relationship to the volume of breas~ milk ingested. the day of birth, 1,562±6.27 (n = 10) on the 1st day, 1.502±670 (n = 16) on the 2nd day. 1,370± 587 (n = 16) on the 3rd day. 1.629± 627 (n = 17) on the 5th day, 1.604±719 (n= 19) on the 6th, 1 ,371± 585 (n = 16) on the 7th day, 1, 249 ± 596 (n = 9) on the 8th day, and 1.575 ± 362 (n-7) on the 9-16th days. 1,554±752 (n = 128) in total . 6) There was no correlation between the urinary biopterin level and the volume of breast milk. ingested during the day prior to the collection of urine samples ( Figure 5 and Table) .
Discussion
In this study, the total biopterin concentration in breast milk increased rapidly after parturition and peaked on the 7-11 th day postartum . The rapid increase was previously reported by Sawada et al (3) . Our results were consistent with theirs. The maximum concentration of total biopterin in the breast milk was approximately 80 fold higher than that of the sera from the infants. The high biopterin concentration in breast milk lead us to suspect that the biopterin is synthesized in the mammary glands, and has some role in the infants metabolism. However, biopterins were reported to be biosynthesized de novo in humans (8) .
Furthermore, formula fed infants who ingest low levels of biopterin through formla milk, show no symptoms of biopterin deficincy .
The biopterin ingestion increased rapidly in the breast fed infants . After the peak on the 7 -9th day, it reduced and reached a plateau for more than 1 month, This is the first report detailing the amount and the time course of ingested biopterin in breast fed infants after birth.
To examine the absorption and the metabolism of the ingested biopterin via breast milk, we determined the levels of biopterin in serum and in urinary excretions. The 3 day old infants ingested biopterin with wide variations, ranging from 260 nmoljday to less than 10 nmoljday. However, the serum levels of the 4 day old babies were constant Teherefore, no correlation was observed between the ingested amount of biopterin and the serum level. The serum concentration of total biopterin (1 1.1 ±2 .9 nmoljl) in infants (with two exceptions) was compatible to the average results (11.6 nmoljl) of 3 adults examined by Fukushima and Nixon (10) .
Two infants had extremely high values of serum biopterin, but we could not find and coclusive explantion .
The urinary biopterin concentrations of neonates showed greast variation and as not related to the age of the infants. Accordingly, no relationship between the biopterin level in urine and the ingested volume of breast milk was found. We concluded that orally ingested, concentrated biopterin may not be absorbed by the intestine or utilized by infants during the neonatal period.
This conclusion was supported by the following : The absorption rate of orally administated biopterin by the intestine is varied by the chemical forms and it is rather low in adults ( 13) . The oral therapy for malignant phenyl-ketonuria needs an enormous amount of tetrahydrobiopterin (12-20 mg/kg/day: 5-85 Jlmoljkg/day) for children (14) .
The role and origin of the concentrated biopterin in breast milk remains unclear and is worthy of further examination.
